We relate the negative correlation between income and the ratio of high to low-tech human capital and the positive correlation between income and investment on R&D, both present in developed countries, to the transition to a services economy. To this end a growth model with endogenous innovation and accumulation of high-tech and low-tech human capital is developed. We consider a negative effect of technological development on the accumulation of high-tech human capital and that services are relatively intensive in low-tech human capital. We confirm the model implications quantitatively in a calibration exercise.
Introduction
The European Commission has been concerned about a potential bias towards social and organizational sciences (European Commission, 1999) . Recently, Sequeira (2003) established a new empirical regularity relating this issue and the level of income per capita : "the richest countries are investing proportionally less than middle income countries in engineering and technical human capital". We define high-tech human capital as knowledge linked with engineering and technical fields and low-tech human capital as knowledge linked with more organizational, social and humanistic fields to analyze the evolution of human capital composition, in the context of a growth model with endogenous innovation, where the accumulation of both low-tech and high-tech human capital are endogenously determined. (Romer, 1990, Grossman and Helpman, 1991) to describe the evolution of the economy throughout two stages of development. We extend their model by explicitly introducing two types of human capital and a services sector, characterized by being relatively more intensive in low-tech human capital. This enables us to relate the evolution of human capital composition to the increasing role of services in the economy. In this sense, we add to the classic literature on the "macroeconomics of unbalanced growth" (Baumol, 1967) predictions about the increasing role of services. There is also an increasing literature about the role of human capital in generating the transition from stagnation to growth (e.g. Galor and Weil (2000) ). However, this paper focuses on a later transition from a stage where growth is driven by human-capital to a stage of R&D-driven growth. Sφrensen (1999) focuses on this transition, and presents data that motivate it. In Funke and Strulik (2000) the transition from a Lucas stage to an R&D stage is based on the creation of a market for new ideas, while the cost of producing them decreases as human capital is being accumulated.
We consider that the rate of innovation imposes a negative effect on the accumulation of high-tech human capital. This is similar to the "erosion effect" of Moav (2002: 1148) : "the time required for learning the new technology diminishes with the level of education and increases with the rate of technological change". High-tech human capital deals with new technologies, so when there is an advance in the knowledge frontier, this reduces the value of older embodied knowledge. Thus, there is a cost imposed by the introduction of new technologies on the type of human capital that has to deal with them. An example is the cost of reading and understanding new manuals (for new machines). Both Tamura (2006) and Kumar (2003) present empirical results that support a negative effect of the growth rate of TFP on Human capital. In our model, a crucial difference between high-tech and low-tech human capital is that low-tech is not affected by the rate at which new technologies appear. Lloyd-Ellis (1999) argued that workers are distinguished by the range of ideas and technologies that they are capable of implementing in a given time range, and that it always takes some time to acquire the necessary skills to implement them. Our formulation extends this idea; we consider that high-tech types are distinguished from low-tech types by the range of ideas and technologies to which they are exposed in the human capital accumulation process and at work. We think that this is a reasonable assumption and we show that it allows for the replication of established empirical regularities regarding human capital composition and the dynamics towards a service-intensive economy.
In the rest of this section we review the empirical regularities that motivate this article. In Section 2 we present the model and in Section 3 we characterize the competitive equilibrium of the economy through the different stages of development. Section 4 calibrates the model and presents results from simulations. Section 5 concludes. Sequeira (2003) showed that in developed countries there is a negative relationship between the high-low-tech ratio and the level of development, where the ratio is defined as enrollments or graduates in technical specializations (at the tertiary education level) to enrollments and graduates in other specializations.
High-tech intensity and development
3 Figure 1 presents one of the six cross-sections studied in that article, from which it is seen that richer countries are investing proportionally less in 2 This is an extreme assumption that is adopted for simplification. It would be sufficient to assume that high-tech human capital is more affected by the introduction of new technologies than low-tech, or that technologies that affect low-tech skills are more stable over time (e.g. law versus robotics).
3 In Sequeira (2003) the relevant variable is the high-tech ratio, which is the ratio between high-tech human capital and total human capital. In Sequeira (2004) the same results are obtained when using high-low-tech ratio, which is the ratio between high-tech human capital high-tech human capital than middle income countries. Figure 2 presents the whole panel data and the estimated relationship. and low-tech human capital. Note that both measures are independent of the proportion of population that in each country has a college degree. See these references for further details on the construction of the variables. Sequeira (2003) concludes that there is a polynomial relationship between the high-low-tech ratio and GDP per capita, which is systematically seen in cross-section adjustments between 1970 and 1997 and also in a pooled regression, with impressive similar estimators and levels of significance across all regressions (e.g. across time).
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This empirical regularity is summarized below:
Fact 1 -In rich countries, the High-Low-tech ratio is negatively correlated with GDP per capita, although positively correlated in poor countries.
When this relationship was submitted to robustness tests and to the insertion of other controls, it proved to be quite robust. The insertion of other controls tested some possible explanations for variation of the high-tech intensity across countries linked with the "institutional background" of countries, with "productive specialization by sectors" and with "higher costs of high-tech programs". The first comes from the observation that high values for the hightech ratio are derived from certain east-European countries, which could lead to the conclusion that certain institutional environments influence the choice of fields of education. The second is linked with countries' sectoral specialization. Industrial specialization, for instance, may be linked with high-tech specialization, and more services-intensive countries may be low-tech intensive. As a country develops, the demand for health, educational and social or cultural services increases and more complex societies also demand more lawyers. Thus, more resources should be allocated to the production of these services, which are more low-tech intensive. This effect is due to income rise. The last explanation considered is more closely linked with human capital supply: high-tech programs are often lengthier and are often considered to be more difficult than low-tech ones.
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All of these explanations contribute to explaining the polynomial relationship between high-tech proportion and GDP per capita but they do not eliminate it. As a consequence, we propose the inclusion of the "erosion effect" on the accumulation of high-tech human capital as an additional explanation that can be the source of the puzzle.
Also, as scientists and engineers are used intensively in Research, Fact 1 is in apparent contradiction to the fact that richer countries invest more in R&D 4 To see results from panel data and quantile methods, see Sequeira (2003) . The total number of observations is 621 and the number of outliers is 29, which corresponds to nearly 100 countries for each of the six five-year periods, from 1970 to 1997. 5 We should stress that data include all graduation levels (Masters and Ph.D. degrees included), and so we rule out some possible influence of the fact that the richest countries may import engineering skills from middle-income ones to complete higher degrees in the tertiary level.
than do poor countries (Jones, 1995a, b) . We will show that in our model both empirical regularities are consistent.
High-Tech intensity and Services Intensity
Technical graduates (e.g. engineering, mathematics, computer science) tend to be employed in industrial sectors but more low-tech graduates (e.g. law, social sciences, literature and humanities) tend to be employed in the services sector. This link between human capital composition and sectoral composition can be seen in Table 1 , which shows correlations between high-low-tech ratio and workforce in industry and services (column 1) and between high-low-tech ratio and added values in industry and services (column 2). The last line adds evidence on the correlation between high-low-tech ratio and manufacturesservice employment/output ratio. This evidence justifies the assumption in our model, that the services sector is intensive in low-tech human capital. In the next figures, we show that the pattern of the relationship between the ratio "employment in industry over employment in services" (X/S) and GDP per capita is similar to that for the high-low-tech ratio (H/L). This empirical regularity is summarized below: Table 2 adds a comparison between a pooled polynomial regression between H/L and GDP per capita and X/S and GDP per capita. 6 It can be seen that there are many quantitative similarities between both features. 
Fact 2 -In rich countries, the Manufactures-Services employment ratio is negatively correlated with GDP per capita, although positively correlated in poor countries.

The Model Economy
We consider an economy with an industrial sector, a services sector and an R&D sector. There is accumulation of physical capital and of two types of human capital, high and low-tech human capital.
The accumulation of human capital
The existing stocks of high-tech and low-tech human capital are denoted by H and L. Accumulation of each type of human capital uses its own type with a CRS technology. However, there is a crucial difference between the two types of human 6 Outliers in the y dimension were excluded in both regressions. For the method of exclusion, see Sequeira (2003) . This source had tested many alternative specifications and methods for the relationship between high-tech proportion and GDP per capita. Specifically, an overall negative relationship arises when using fixed-effects estimation.
capital: the accumulation of high-tech human capital decreases with the rate of technological development. This acts as an endogenous depreciation mechanism and formalizes the idea, discussed in Section 1, that high-tech human capital bears a cost to be up-to-date with the latest technologies. Thus, the accumulation of the two types of human capital is given by:
where g n represents the rate of technological development given by the rate of growth of the number of varieties of intermediate goods, γ and ξ are productivity parameters, H H and L L are the allocations of high and low-tech human capital to the respective accumulation sector. 7 The parameter δ in equation (1) reflects the impact of technological progress on the accumulation of H.
Production
We consider an industrial sector and a services sector. We also define a final good sector which aggregates the goods produced in these sectors. 8 Production of the final good Y , which we take as numeraire, is given by:
where A is a level parameter, K is physical capital, S is services and D is an index of intermediate goods produced in the industrial sector, represented by the usual Dixit and Stiglitz formulation:
n denotes the number of available varieties, x i is the intermediate good i and α controls the elasticity of substitution between varieties. Intermediate goods are produced in an industrial sector with high-tech human capital (H x ). Services are produced with a combination of high-tech (H S ) and low-tech (L S ) human capital. This is a simple way of introducing the notion that the industrial sector is more high-tech intensive than the services sector,
Production of a new intermediate good requires the invention of a new blueprint. New ideas are produced with high-tech human capital according to:
where H n is high-tech human capital employed in R&D.
Final output is used for consumption, C, and investment. For simplicity, we neglect depreciation of physical capital, which leads to the economy's resource constraint,
Households
The population size is normalized to one, so all aggregate magnitudes can be interpreted as per capita quantities. Human capital is supplied inelastically. 10 Therefore, full employment requires that, 
Taking the rate of innovation as given and subject to this constraint and the knowledge accumulation technologies (1) and (2), they maximize the following intertemporal utility,
where ρ > 0 denotes the time preference rate. Using the control variables C > 0, H H ≥ 0 and L L ≥ 0, we obtain from the first-order conditions,
H H > 0 and
9 Consideration of only high-tech human capital in the R&D technology is a matter of simplification, which has no influence on our results. 10 We do not consider the choice of becoming high or low-tech. High-tech workers do not perform low-tech tasks, as in equilibrium w H > w L . Sequeira (2004:7) addresses this issue. 11 We look at the representative household, which has both H and L, and at an equilibrium with both H and L.
The first of these equations is the standard Ramsey rule. The second and third indicate that the growth rate of wages must be sufficiently high compared to the interest rate to ensure investment in human capital.
Firms and Markets
The markets for the final good and services and for its inputs are perfectly competitive. This implies that:
where p D represents the price index for intermediates and p S the price of services. Each firm in the industrial sector owns an infinite patent for selling its variety x i . Producers act under monopolistic competition and maximize operating profits, 
With identical technologies and symmetric demand, the quantity supplied is the same for all goods, x i = x. Hence, equation (4) can be written as,
From p D D = pxn, together with equations (16) and (21), we obtain the total quantity of intermediates produced at each period, X, and so, the value of H x ,
After insertion of equations (23) and (21) into (20) , profits can be rewritten as a function of aggregate output and the number of existing firms:
Let υ denote the value of an innovation, defined by,
Taking into account the cost of an innovation as determined by eq. (7), free-entry in R&D implies that,
Finally, no-arbitrage requires that investing in R&D has the same return as investing in physical capital:
This fully describes the economy. In the following section we characterize the general equilibrium of this economy.
Stages of development
We describe the evolution of the economy throughout two stages of development. We do not look at the transition from stagnation to economic growth studied by Galor and Weil (2000) or Galor and Moav (2002) . We begin the analysis with a stage of development where there is already accumulation of human capital and sustainable growth, then the transition to a second stage is determined by private investment in R&D.
The first stage of development
In the first stage of development the economy invests in high and low-tech human capital but not in R&D. We therefore begin with a situation in which w H > υ, . n = 0 and H n = 0. In this stage, the economy converges to a steady-state similar to a Lucas (1988) economy, but with two types of human capital. First, we derive the equations that describe the dynamics of the economy at this stage, which we need in order to perform the simulation in the next section. Then, we determine the steady-state. From the log-differentiation of (3), we get the growth rate of output in terms of the growth rate of physical capital, industrial goods and services. Then, using the growth rate forms of (15), (17), (18), (19) , (22) and (23), we reach the growth rate of output in terms of the growth rate of prices (r, w H , w L ). Finally, we use (13) and (14) and solve with respect to the growth rate of r to reach:
Ω measures the total contribution of g H to g Y .
Using (8), (12) and (15), we obtain an equation for the growth rate of C/K:
Let u i and v i be, respectively, the shares of H and L affected to sector i. In particular, u S =
L . Thus, using (17) and (18) we obtain (13) and g r from (29) and taking into account that at this stage u n = 0, we reach:
Following the same steps for v S , we reach:
with g r given by (29). These four equations describe the dynamics at this stage. From (23), (17) and (18) we also have that g u S = g ux .
The next proposition characterizes the steady-state of this first stage. The subscript 1st stands for "first stage steady-state". 
with r 1st is given by,
The growth rate of consumption and production is a weighted average of the growth rates of H and L, given by,
Proof. At the steady-state the rate of growth of consumption is constant, implying that consumption, output and capital grow at constant and equal rates. Taking this into account, and using (8), (12) to (14) and (23) we obtain the growth rates of H and L. The steady-state values of r and g Y are then obtained from (3), with (6), (22) and (12), taking into account that the shares of factors in each sector are constant.
Thus, the high-low-tech human capital ratio, defined by H/L, increases in this stage steady-state if γ > ξ. We can also show, using (13) and (14) that in this case, w H decreases and w L increases. Under the same condition the growth rate of industrial output (g X ) is greater than the growth rate of the services sector (g S ).
Transition between stages of development
As in or in Sφrensen (1999) , the steady-state of stage 1 is only a transitory equilibrium or a "pseudo" steady-state. 12 While there is no R&D the growth rate of profits is growing with output. This means that profits from the production of existing intermediate goods grow faster than the cost of inventing a new variety. Then, for > 0, at some point it is worth investing in R&D. In Section 4 we simulate the model to obtain the evolution of the economy throughout stages. Note that it is possible that the economy does not reach the "pseudo" steady-state of stage 1. 13 
The second stage of development
We now study the behavior of the economy in the second stage of development, which is characterized by the existence of R&D. Again, we first derive the equations that describe the dynamics of the economy in this stage, which we use to perform the simulation in the next section. Then, we determine the steady-state solution.
The dynamics of the model at this second stage may be described by equations for the dynamics of g n , r, C/K, v S and H/n.
Using (28), (24), (26), (17) and (18), we get the share of high-tech human capital in the services sector when there is investment in R&D:
This implies that
. Then, we note that g u S = g Y −g w H −g H is still verified in this phase and, using (15), (13) and (8), we reach an equation that describes the evolution of g n :
where g r is specified in the next paragraph. Following the same strategy as in the first stage, we calculate the growth rate of r, noting that now g n > 0.
The evolution of H/n is obtained from the technology of accumulation of H, given in (1), written as g (7), u S is given by (37), and u x is obtained from (23) .
Equation (30), for g C/K , and (32) for g v S are still valid in this stage but with g r in (32) given by (39).
The next proposition characterizes the steady-state of the second stage. The subscript 2nd stands for the second stage steady-state.
Proposition 2 At the steady-state of the second stage, with an active R&D sector, the growth rates of human capital stocks are given by,
with r 2nd given by,
The growth rates of consumption and production are positively enhanced by the monopolistic markup (1/α) , by the productivity of the human capital accumulation sector (γ and ξ) and negatively by the coefficient of risk aversion σ.
Proof. At the steady-state the shares of the factors in each sector are constant. From (7) , to obtain a constant innovation rate in the steady-state we must have that g n = g H . Conditions (13) and (23) imply that g H = g Y − r + γ − δg n . Taking into account that at the steady-state consumption and output grow at constant and equal rates, we obtain (41). g L is the same as before and this is shown in (42). We then obtain g 2nd Y and r 2nd from (3), (6), (22) and (12), taking into account that at the steady-state capital also grows at the same rate rate as output.
When compared to the growth rate of the first stage, equation (44) shows that R&D benefits economic growth through the direct impact on total factor productivity (seen in α) -the R&D or productivity effect, but it also hurts economic growth through the impact on high-tech human capital accumulation (seen in δ) -the erosion effect.
Steady-States Comparisons
The next proposition compares the rates of growth at the steady-states of the two stages of development. It gives an indication that the model should be able to replicate the two empirical regularities linked with development and the increasing role of services described in the Introduction. Proof. Use (33), (34), (41) and (42) to prove the expression.
Thus, for ξ < γ < ξ(1 + δ) + δ σ ((1 − σ)r 2nd − ρ), the model should be able to simultaneously replicate the two empirical facts described above. This relates the evolution of human capital composition with the increasing importance of the services sector in the economy. Verification of Facts 1 and 2 depends on human capital technology. Moreover, the model also conciliates a higher proportional investment in R&D in rich countries (Jones, 1995a ,b) with a proportionally lower investment in high-tech human capital, which occurs in the model's second stage. This suggests a possible solution to the apparent contradiction pointed out above.
Calibration
In this section, we quantitatively test the model and show that for some reasonable values of the parameters, the empirical regularities that motivated this article are verified. We calibrate the model presented above and backward integrate it in order to obtain a numerical solution for the evolution of the economy. We follow in doing this exercise. 14 We backward integrate the system of equations (30), (32), (38), (39) and (40) until we get a zero share of human capital allocated to R&D. Then we integrate equations (29), (30), (31) and (32) until we get a zero share of human capital allocated to the human capital accumulation sector.
We need values for the factors shares, ψ, η, and θ, the elasticity of substitution between varieties (α), the productivity of the R&D sector ( ) and the inverse of the substitution elasticity, σ. The share of physical capital is assumed to be 0.36 and R&D productivity is 0.1, as is usual in economic growth literature. With no loss of generality, we assign a value of 0.02 to ρ. 15 For industrial and services shares we assume equal values. In fact, Maddison (1995) showed that in both 1820 and 1870, the USA showed very similar shares for these two sectors (15% in 1820 and 26% in 1870, for each sector). A higher value for the services share does not change our results. For the elasticity of substitution between varieties we assume the value of 0.55. This implies a markup of 1.81, consistent with values used by and in the upper end of the interval showed by Norrbin (1993) . For the share of low-tech human capital in the services sector, θ, we use 0.7, based on the evidence of low-tech intensity in this sector. Variations in this parameter from 0.5 to 0.9 have no crucial importance in our results.
Because there is some uncertainty on human capital accumulation parameters, we do some sensitivity analysis on them. The minimum productivity of low-tech human capital accumulation (ξ) considered is the two decimal point number that ensures that g L > 0. We determine δ using the model expression for the elasticity of human capital to TFP growth and then we determine γ using the model expression for the output per capita growth rate. For the GDP growth rate, we assume a 1.85% value, equal to that in and in the interval of available estimates for this rate in the post-Second World War period in the USA. For the impact of TFP growth rate on human capital accumulation, we use an estimate in Kumar (2003) : the value of -0.268 in his Table 1 , column 2. 16 We conclude that ξ 14 Specifically, we follow the suggestion in Transitional Dynamics in : A Qualification at www.rrz.uni-hamburg.de/wst/strulik/fsextra.pdf, where the authors solve the problem that introduced some discontinuities (and then jumps) in the moment of transition in their article. Thus the economy in the first stage is not solved for its own steady-state. We have one predetermined variable (H/n 0 ) and then we need one stable root for the system. This was obtained through log-linearization of the system around the steady-state. Thus, for all exercises we have made, the Jacobian is negative and we get a negative eigenvalue. The evaluation of the trajectories out of the steady-state also suggests local saddle-point stability.
15 For this, see Caballero and Jaffe (1993) and . 16 From (1), δ is determined by
Because the stocks used in Kumar (2003) are in logs and we can reasonably assume that the initial stock of human capital is not determined by the growth rate of TFP, we can equate δ to 0.268. Instrumental variables estimates vary from near -0.2 to near -0.32. Estimates for the growth rate of output oscillate according to the variable considered (output per capita or output per worker), to the source should be higher than 0.04 for g L > 0.
To simulate the evolution of H/L and X/S, we base ourselves on the figures presented in Section 1. Thus, we have considered the following initial values: H/L 0 = 0.1 and X/S 0 = 0.5 and we have calculated these series using the trapezoid rule.
The next tables summarize the values for the calibration. The combinations of the parameters ξ and γ considered are presented in the second part of the Table. We picked values for the parameters such that the behavior of both H/L and X/S is replicated by the model (see Empirical Facts 1 and 2) . Below, we present the simulation results for crucial variables and growth rates over time. Results for 0.04 < ξ < 0.052 predict an overall increasing H/L. Results for ξ > 0.056 predict an overall decreasing H/L. 
Calibration Results for the Model Economy
In this section we present results for the values of the parameters presented in Table  3 . We present figures with the evolution of the high-low-tech ratio considering all H and L, H/L and also considering only H and L affected to the production of goods, H Y /L Y . 17 We next present the evolution of the industry-services ratio, X/S of information, and to the period considered. In general for the post-war period, these rates oscillate from near 1.2% to near 2.2%. Thus, in both cases, we are considering an intermediate value. Note also that the lower the economic growth rate and the higher the absolute impact of TFP growth in human capital, the easier it is to replicate the empirical facts.
and finally, the evolution of the percentage of human capital dedicated to R&D. Then, in Table 4 , we characterize the main features of transition. In particular, we present, for each exercise, the time length of the first stage, the number of years the economy shows increasing H/L and the growth rate of output, of the ratio H/L and of the industry-services output ratio, in the transition. In Table 5 , we present steady-state values for the crucial variables. To evaluate the differences introduced by the consideration of the "erosion" effect, we also present statistics for a simulation exercise in which we set δ = 0, maintaining other parameters as in exercise I. These figures show us that for some reasonable combinations of the parameters, as a country goes through the development process, the high-low-tech human capital ratio first increases and then decreases. Related to it, the same occurs with the industry/services ratio. Moreover, this happens with an increasing proportion of resources dedicated to R&D while a country develops. Table 4 . These tables present growth rates in different points of transition (in the middle of the first stage, ten years 18 after the transition to the second stage and finally at the steady-state) and lead to two important conclusions. The first one is that the first stage is small. 19 However, even if the economy is already investing in R&D, the high-low-tech human capital ratio may be increasing. For exercises I, II and III it increases in the first 26, 12 and 9 years, respectively, and then decreases. While H/L is increasing, it is increasing with decreasing growth rates. Our simulations also show that as differences in productivities in accumulation of human capital become smaller (e.g. from exercise I to exercise III), there is an increasing tendency for an always decreasing H/L. 20 The second and most important conclusion is that the mechanism of endogenous depreciation of high-tech human capital can replicate a phase of increasing high-lowtech human capital ratio (and increasing industry/ services ratio) followed by a stage of decreasing high-low-tech human capital ratio (and decreasing industry/services ratio). This happens for ξ between 0.052 and 0.056. If this mechanism were not present, the inverted-U relationships obtained in the empirical analysis could not be replicated by the model. While the Services sector is getting more and more important, more and more resources are being allocated to the R&D sector, which, in the steady-state accounts for the employment of nearly 8% of the high-tech human capital. This percentage oscillates little across different exercises (from 8.3% in exercise I to 7.9% in exercise III).
Steady-State Comparisons
A comparison of the "steady-states" presented in the model, in line with what is done in Proposition 3, may be understood as a comparison between an innovating country and a country for which a R&D technology is not available (which is the same as considering = 0). 21 In this case, the empirical regularities described above are verified for ξ between 0.052 and 0.054 (see Proposition 3).
Discussion and Robustness
In the Introduction we presented two empirical regularities that seem to be related: in developed countries the ratios high-low-tech human capital and industry/services are decreasing with increases in per capita GDP. These empirical regularities can be simultaneously explained by a negative effect of R&D growth rates in high-tech human capital accumulation, which has been pointed out in the literature for human capital considered as a whole. Our simulations'results show that for some reasonable values of the parameters the model economy describes the inverted U-relationships that appear in data. For the majority of other possible parameter values the model seems to imply an overall decreasing high-tech and services proportion simultaneously with an increasing share of human capital being allocated to R&D activities. Note that the model analyzes the development process of a given country. Thus, according to the model we should be able to observe that the same country may be first in a stage where the high-low-tech human capital ratio and the industry/services ratio are increasing and then in a stage where both ratios are decreasing. However, due to data constraints we must compare the simulations results with data that come mainly from cross-section variation.
As robustness analysis, we have tested the following alternate specification for high-tech human capital accumulation:
· H = γ(1 − δg n )H H , γ, δ > 0. 22 With this alternate specification, for ξ > 0.057 we obtain overall decreasing H/L and X/S ratios. For 0.052 ≤ ξ ≤ 0.057 we obtain that as a country goes through the development process, the high-low-tech human capital ratio, and the industry/services ratio, first increase and then decrease. With this alternate specification it is possible to have the inverted U-shaped curve with larger differences between parameters ξ and γ, which results in bigger differences between g XS in the first stage and g XS in the second stage. For instance, take ξ = 0.052 and g XS would be 0.93% in the first stage and -0.03% in the second stage (steady-state). Also g HL would be 0.88% in the first stage and -0.05% in the second. These figures compare with those related to exercise I in Tables 4 and 5 .
As a further test of the model results we may compare the values obtained for the steady-state growth rates with actual values. We estimate the difference between average growth rates for services and industry output "g XS " in the USA between 1980 and 1996 as equal to −0.30%. 23 These values compare with figures in Tables  4 and 5 and in the previous paragraph. The overall conclusion is that the model economy results are quantitatively in line with available data.
Conclusion
We propose an endogenous explanation for the evolution of the high-low-tech human capital ratio, i.e. for the fact that "the richest countries are investing proportionally less than middle income countries in engineering and technical human capital" (Sequeira, 2003), answering to an increasing concern in Europe about this phenomenon (European Commission, 1999) . To this end we introduce in the high-tech human capital production the erosion effect described by Galor and Moav (2002) , which can be interpreted as a mechanism of endogenous depreciation in human capital caused by the costs of learning to use new technologies. The model relates this behavior of 22 To implement the simulation with this alternate function, we need to assume that agents take the rate of innovation as constant when making their decisions. In performing calibration, we equated ∂gH ∂gn = −δγu H to −0.268. 23 These calculations were made including Communication; Finance, insurance, real estate and business services; Financial institutions and insurance companies; Hotels and restaurants and Electricity, Gas and Water in Services and Metal products, except machinery; Basis metal industries; Chemicals and chemical petroleum; Fo o d, beverages and tobacco; Agricultural and industrial machinery in Industry (OECD, 2001) .
For the first stage steady-state we may use historical data from Crafts and Harley (1992), who reported industry and commerce growth rates for the United Kingdom between 1801 and 1831, which imply g XS = 0.65%. the high-low-tech human capital ratio to the increasing relative importance of the services sector and to the increasing R&D activity, both well-known features of the richest countries.
Using a calibration exercise for the model economy, we show that for reasonable values of parameters the model is able to replicate the behavior of the high-low-tech human capital ratio -initially increasing and then decreasing. Our simulations also replicate the same behavior for the industry/services ratio.
